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A
THE INSTITUTE OF PAPER CHEMISTRY
Appleton, Wisconsin
PERMANENCE OF COATED PAPER
FOR PRINTED LIBRARY MATERIALS
SUMMARY
Coated papers intended for printed library materials were subjected to
accelerated aging at 90°C and 50% RH. The papers were then tested for various
properties to show the affect of this aging on these properties.
The properties included folding endurance, tensile strength, and tear
resistance. Unaged control samples were also tested for pH and alkaline reserve.
Separate from the aging study, tests were made to determine the weight,
pH, and alkaline reserve of both the base paper and the coating of the samples.
This report includes a description of the test procedures and tabula-




Papers intended for the library market are expected to have sufficient
longevity so as to last several hundred years under normal conditions of library
circulation and storage without significant deterioration. The NISO-developed
American National Standard for Permanence of Paper for Printed Library Materials
(Z39.48) was published in 1984. The standard sets the criteria for permanence
of uncoated papers. The standard is being revised to encompass coated papers.
This study was undertaken to develop base-line data for the NISO Standards
Committee to use in establishing criteria for coated papers.
The study was conducted in two parts. For Part 1 a defined set of
tests were performed on 11 coated and 2 uncoated paper samples supplied by NISO.
Additional specimens of the same 13 samples were subjected to accelerated aging
at 90°C and 50% RH. Tests were then performed on the aged specimens.
Part 2 of the study was aimed at determining the pH, alkaline reserve,
and weight of coated papers and, separately, the same properties of the base
paper and coating. For this purpose a surface grinding procedure was used to
remove the coating from the base paper. Properties of the coating were esti-























Part 1 - The 184 sheets provided for each of the 11 coated and 2
uncoated samples were randomly divided into 4 groups of 46 sheets each. One
group was selected as the control, or unaged, sample. The remaining 3 groups
were exposed to accelerated aging in a circulating oven controlled at 90°C and
50% RH. The groups were removed from the oven after aging periods of 17, 120,
and 168 hours, respectively. All 4 groups were then preconditioned at 15% RH,
23°C, and then conditioned at 50% RH, 23°C, before testing. The testing for
each of the 13 samples was completed within two weeks after aging.
It is known that volatiles given off by one sample can sometimes
affect the aging rate of other samples. Hence, each of the 13 samples was
exposed in the aging chamber independently.
Following aging, 14 sheets were selected from each group for fold and
tensile testing. The sheets were cut so that 1 MD tensile, 1 CD tensile, 6 MD
fold, and 6 CD fold tests could be made on each sheet. The tensile strength
tests were made in accordance with TAPPI method T 494 om-81. The folding
endurance tests were made with the MIT tester in accordance with TAPPI method
T 511 om-83.
Parts of 7 of these 14 sheets, of the unaged sample only, were tested
for pH and alkaline reserve. One of each type of test was made on each of the
seven sheets. The pH tests were made in accordance with the cold extraction
method described in TAPPI T 509 om-83. Alkaline reserve was measured as percent
calcium carbonate in accord with ASTM procedure D3290-81, subsection 11.4.
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The remaining 32 sheets of each group were used for tear testing. The
sheets were cut so that 10 MD and 10 CD tests could be made. The tests were
made in accordance with TAPPI method T 414 om-82, using a 1600 g pendulum.
Part 2 - This part of the study was conducted using specimens of the
eleven coated paper samples. A surface grinding procedure was used to remove the
coating from the base paper. Measurements of weight, pH, and alkaline reserve
were then made on the coated paper before grinding and on the base paper after
grinding. It is not possible to use the surface grinding procedure to remove
the base paper and leave an intact coating. Hence, the properties of the
coating were calculated from differences between those of the coated paper and
the base paper.
For grinding, the specimens are held on a specially designed vacuum
plate. Vacuum is provided by grooves cut in the plate around the periphery of
the area of the specimen to be ground. The plate is then held magnetically on
the bedplate of a machine shop surface grinder. Prior to sample preparation,
the vacuum plate is ground in place on the surface grinder so that its surface
is exactly parallel to the plane of bedplate motion.
The interface between the coating and base paper is not a perfect
plane due to surface roughness of the base paper. Hence, a ground path through
the average interface will remove part of the base paper in some areas, and
leave some coating material intact in other areas. This average interface,
based on visual estimates, was used for determining weight. This procedure
results in a small error in the determined weights of the coating and base
paper, depending on the relative density of each. For purposes of determining
alkaline reserve of the base paper, the specimens were ground slightly deeper so
that all of the coating material was removed.
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Coating weight was calculated from the arithmetic difference between
the weights of the coated sheet and the base paper. The alkaline reserve of the
coating was calculated from:
x = (ab-cd)/(b-d)
where: a = alkaline reserve of the coated sheet
b = weight of coated sheet
c = alkaline reserve of the base stock
d = weight of base stock
It would not be proper to make similar computations of the pH of the
coating. However, as will be seen later, for each sample the pH of the coated
paper and of the base stock is practically identical. Hence, it would be safe
to assume that the pH of the coatings would closely approximate the reported
values.
TEST RESULTS
The test results for Part 1 are given in Tables 1 through 8 and in
the appendix. Table 1 is a summary table of all test data showing average
results only. The averages and standard deviations for each type of test are
summarized in Tables 2 through 8, respectively. Standard deviations were
calculated from:
s = [(N E(x)2 - (Ex)2 )/(N(N-1))]l/2
The individual test results for all test types are given in the appen-
dix. The tensile test results include stretch, tensile energy absorption, and
tensile stiffness, in addition to tensile strength. These properties were not





















































































































































































































































































































































































































































































































































































































































































































































































































































































Table 2. Summary of MD tensile data.
MD Tensile
Unaged Aged 17 hours
Strength, kN/m







































































































































Table 3. Summary of CD tensile data.
Sample CD Tensile Strength, kN/m
Code Unaged Aged 17 hours Aged 120 hours Aged 168 hours
A - Average 2.83 2.77 2.71 2.74
Std. Dev. 0.075 0.070 0.076 0.109
B - Average 2.85 2.85 2.78 2.75
Std. Dev. 0.144 0.107 0.112 0.089
C - Average 2.73 2.82 2.63 2.61
Std. Dev. 0.068 0.078 0.100 0.095
D - Average 2.45 2.47 2.47 2.41
Std. Dev. 0.102 0.112 0.099 0.078
E - Average 2.30 2.33 2.30 2.21
Std. Dev. 0.138 0.157 0.118 0.159
F - Average 2.52 2.54 2.19 2.28
Std. Dev. 0.155 0.070 0.191 0.063
G - Average 2.55 2.45 2.55 2.42
Std. Dev. 0.090 0.086 0.072 0.075
H - Average 2.56 2.53 2.39 2.36
Std. Dev. 0.076 0.097 0.100 0.051
I - Average 2.12 2.12 2.13 2.08
Std. Dev. 0.093 0.113 0.094 0.073
J - Average 2.75 3.01 2.54 2.54
Std. Dev. 0.063 0.061 0.082 0.055
K - Average 2.84 2.98 2.84 2.72
Std. Dev. 0.157 0.161 0.137 0.156
L - Average 2.38 2.12 2.20 2.25
Std. Dev. 0.155 0.154 0.132 0.196
M - Average 2.02 1.99 1.96 2.00
Std. Dev. 0.073 0.074 0.048 0.048
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Table 4. Summary of MD tear data.
Sample Tear Resistance, mN
Code Unaged Aged 17 hours Aged 120 hours Aged 168 hours
A - Average 451.9 421.3 433.1 419.7
Std. Dev. 29.9 16.6 19.1 14.0
B - Average 360.9 349.1 357.8 356.2
Std. Dev. 9.1 7.6 9.9 18.2
C - Average 453.5 440.1 427.7 433.1
Std. Dev. 8.9 17.1 14.8 14.7
D - Average 392.3 399.3 393.1 396.2
Std. Dev. 9.1 13.0 9.4 11.2
E - Average 427.6 433.1 422.9 427.6
Std. Dev. 10.6 17.7 12.0 16.2
F - Average 724.1 633.1 485.6 426.0
Std. Dev. 26.9 21.6 27.8 16.1
G - Average 545.3 521.7 523.3 527.2
Std. Dev. 14.0 13.5 11.1 13.2
H - Average 304.4 306.0 260.5 247.3
Std. Dev. 8.9 9.1 10.3 9.9
I - Average 328.7 316.2 304.4 320.1
Std. Dev. 13.6 14.3 7.2 9.6
J - Average 376.6 363.6 348.3 346.8
Std. Dev. 9.1 20.6 9.2 33.9
K - Average 417.4 429.2 408.0 408.0
Std. Dev. 12.7 11.1 10.5 12.3
L - Average 426.8 443.3 427.6 433.9
Std. Dev. 13.4 12.9 15.8 13.9
M - Average 400.9 406.4 395.4 387.6
Std. Dev. 5.8 12.2 9.9 11.8
Report One-9-
Project 3655
Table 5. Summary of CD tear data.
Sample Tear Resistance, mN
Code Unaged Aged 17 hours Aged 120 hours Aged 168 hours
A - Average 531.1 506.0 509.2 521.7
Std. Dev. 14.3 14.4 14.5 11.8
B - Average 437.0 414.2 421.3 437.0
Std. Dev. 12.8 7.2 9.8 19.6
C - Average 537.4 533.5 520.2 523.3
Std. Dev. 19.3 8.3 11.1 12.3
D - Average 468.4 455.8 470.7 463.7
Std. Dev. 13.4 10.1 17.7 10.8
E - Average 559.4 565.7 564.1 569.6
Std. Dev. 12.3 14.1 13.0 12.4
F - Average 822.2 753.2 571.2 510.7
Std. Dev. 18.4 16.1 11.0 19.7
G - Average 600.2 580.6 575.9 564.1
Std. Dev. 15.4 14.3 11.2 16.7
H - Average 399.3 388.4 346.8 334.2
Std. Dev. 6.9 16.2 7.2 5.5
I - Average 434.6 400.9 404.6 400.9
Std. Dev. 21.9 9.4 13.3 11.4
J - Average 488.8 484.1 461.3 433.1
Std. Dev. 12.2 11.1 7.2 8.9
K - Average 369.5 361.7 376.6 381.7
Std. Dev. 12.5 12.5 14.8 7.9
L - Average 458.2 456.6 478.6 463.7
Std. Dev. 24.3 11.0 26.7 16.3
M - Average 488.8 493.5 483.3 492.7
Std. Dev. 13.9 7.8 12.4 8.1
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Table 6. Summary of MD MIT fold data.
Sample loglo MD Folding Endurance
Code Unaged Aged 17 hours Aged 120 hours Aged 168 hours
A - Average 2.718 2.662 2.639 2.639
Std. Dev. 0.042 0.045 0.038 0.056
B - Average 2.255 2.166 2.110 1.988
Std. Dev. 0.053 0.070 0.91 0.115
C - Average 2.696 2.655 2.580 2.546
Std. Dev. 0.036 0.054 0.056 0.057
D - Average 2.481 2.319 2.337 2.250
Std. Dev. 0.038 0.036 0.060 0.093
E - Average 2.711 2.700 2.687 2.659
Std. Dev. 0.057 0.053 0.033 0.076
F - Average 1.914 1.768 1.412 1.198
Std. Dev. 0.048 0.047 0.072 0.077
G - Average 1.792 1.748 1.721 1.726
Std. Dev. 0.068 0.053 0.059 0.034
H - Average 2.699 2.621 2.365 2.168
Std. Dev. 0.044 0.055 0.061 0.096
I - Average 2.415 2.305 2.284 2.275
Std. Dev. 0.090 0.104 0.081 0.084
J - Average 2.693 2.587 2.420 2.450
Std. Dev. 0.060 0.069 0.104 0.037
K - Average 1.855 1.740 1.635 1.713
Std. Dev. 0.125 0.096 0.105 0.140
L - Average 2.357 2.223 2.241 2.204
Std. Dev. 0.153 0.071 0.109 0.087
M - Average 2.397 2.346 2.314 2.258
Std. Dev. 0.057 0.078 0.058 0.060
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Table 7. Summary of CD MIT fold data.
loglo CD Folding Endurance




































































































































































































































The test results for Part 2 are given in Tables 9 through 11
discussed earlier, these include the measured properties of the coated
and base papers, and the calculated properties of the coatings.























































































































































































































THE INSTITUTE OF PAPER CHEMISTRY


























Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Absorption (Et)































































































































Sample A-MD Aged 120 hours





































1.643 63.021 698.742 3
.133 7.194 31.787 
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Sample B-MD Unaged
Tensile %( Stretch Tensile Tensile
Strength Energy Stiffness
Absorption (Et)
kN/m (%) Jfrr2 kN/m
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Sample B-MD Aged 120 hours
iens~ile % Stretch Tensile Tensile
Strength Energy Stiffness
Absorption (Et)
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Sample B-MD Aged 168 hours
Tensile % Stretch Tensi le Tensi le
Strength Energy Sti f fness
Absorption (Et)









5. 784 1. 426 53. 741 720. 696.






































































































































































































































































.340 .120 7.465 19.092
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Sample C-MD Unaged
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
Number kN/m (X) J/m'2 kN/m
Report One
Sample C-MD Aged 17 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)































Sample C-MD Aged 120 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
































































Sample C-MD Aged 168 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)












































































5.716 1.434 53.450 719.705



































































































Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
Number kN/m (%) J/W^2 kN/m
Sample D-MD Aged 17 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)































Sample D-MD Aged 120 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
































































Sample D-MD Aged 168 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
















































































































5.134 1.355 47.037 770.965








































% Stretch. Tensile Tensile























































































E-MD Aged 17 hours














































1. 578 69.329 837.596
.087 5.595 27.971
:MD Aged 120 hours























































































E-MD Aged 168 hours

















































































































































sile % Stretch Tensile Tensile
*ngth Energy Stiffness
Absorption (Et)







F-MD Aged 17 hours

























































5.304 1.037 35.391 797.247
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Sample G-MD Unaged



































































































































1. 655 55. 0631 GI8. 834
.094 4.299 21.232
Sample G-MD Aged 120 hours
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Sample H-MD Aged 120 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Absorption (Et)




































































































I-MD Aged 168 hours


















































6.246 1.504 62.842 832.690




6.080 1.341 54.588 859.533



























































































































































































































































































































































































































I-MD Aged 168 hours































































































































































J-MD Aged 120 hours




































































































































6.176 1.586 65.832 799.053












































































































































































































































































































































Sample K-MD Aged 120 hours
Tensile % Stretch Tensile Tei
Strength Energy St
Absorption (I
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-CD Aged 168 hours
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Sample B-CD Aged 120 hours
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C-CD Aged 17 hours
% Stretch Tensile Tensile
Energy Stiffness
Absorption (Et)
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C-CD Aged 168 hours




















2.613 2.938 58.543 359.545








































































































































































































































































































3.736 75. 279 391.081
Mean:
.654 15.852 24.523 Standard
Deviation:
Sample D-CD Aged 120 hours






















































































D-CD Aged 168 hours



















































3.529 72.601 426 931
Mean:






































































































































































E-CD Aged 120 hours

































2.207 3.233 58.961 419.815



































































































































































































































Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)































Sample F-CD Aged 120 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
Number kN/m %) J/m^2 kN/
Report One
Sample F-CD Aged 17 hours
Tensile I Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
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Sample F-CD Aged 168 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)



































































































































































































































































































































































































































Sample G-CD Aged 168 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Absorption (Et)






























































2.419 3.700 71.440 288.960




























Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
Number kN/m (%) J/m2 kN/m
Sample H-CD Aged 17 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)





























3. 980 78.694 328.823
.391 9.523 22.325
Sample H-CD Aged 120 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)































































Sample H-CD Aged 168 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)














































































































































































































































































































4. 032 65. 970 293. 700
.472 9. 729 22. 83
Sample I-CD Aged 120 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Absorption (Et)

















































































Sample I-CD Aged 168 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Absorption (Et)


































































2.077 3.609 59.217 366.342
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Sample J-CD Unaged
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
Number kN/m (%) J/I"2 kN/m
Sample J-CD Aged 17 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)































Sample J-CD Aged 120 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
































































Sample J-CD Aged 168 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)





















































































































































































Sample K-CD Aged 120 hours










Sample K-CD Aged 168 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Absorption (Et)


















2.840 5.020 106.862 296.094
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Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
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Sample M-CD Aged 168 hours
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Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
Number kN/m (M) J/m"2 kN/m
Sample L-MD Aged 17 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)

















Sample L-MD Aged 120 hours
Tensile % Stretch Tensile Tensile
Strength Energy Stiffness
Specimen Absorption (Et)
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Sample L-MD Aged 168 hours
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Strength Energy Stiffness
Specimen Absorption (Et)
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ELMENDORF TEAR DATA
Elmendorf Tearp mN















































































































































Sample B Machine Direction














































































































































































































































































Sample D Machine Direction













































































































































































































































































Sample F Machine Direction






























































































































-50- Report One 
ELMENDORF TEAR DATA 
Elmendorf Tear, mN



















































































































































Sample H Machine Direction


































































































































Sample I Machine Direction






















































































































































































































































































Sample K Machine Direction















































































































































Sample L Machine Direction


































































































































Sample M achine Direction














































































































































Sample A Machine Direction - Unaged
Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Average
2.76 2.59 2.77 2.74 2.69 2.56 2.69
2.69 2.69 2.75 2.72 2.58 2.55 2.66
2.81 2.72 2.91 2.81 2.80 2.67 2.79
2.72 2.55 2.59 2.79 2.64 2.65 2.66
2.55 2.71 2.80 2.74 2.67 2.72 2.70
2.77 2.75 2.81 2.75 2.68 2.63 2.73
2.72 2.83 2.79 2.74 2.78 2.86 2.79
2.89 2.82 2.73 2.70 2.71 2.73 2.76
2.86 2.76 2.61 2.87 2.74 2.65 2.75
2.76 2.71 2.61 2.73 2.70 2.72 2.71
2.78 2.74 2.74 2.80 2.69 2.64 2.73
2.76 2.72 2.49 2.81 2.78 2.73 2.71
2.69 2.73 2.79 2.60 2.69 2.53 2.67
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Test 1 Test 2 Test 3 Test 4 Test 5 Test 6 Average
2.79 2.69 2.80 2.76 2.66 2.72 2.74
2.75 2.48 2.76 2.65 2.86 2.71 2.70
2.62 2.75 2.82 2.69 2.69 2.76 2.72
2.75 2.73 2.75 2.64 2.61 2.86 2.72
2.70 2.55 2.73 2.68 2.49 2.66 2.63
2.76 2.77 2.71 2.71 2.70 2.54 2.70
2.48 2.73 2.78 2.61 2.76 2.51 2.64
2.85 2.81 2.72 2.85 2.74 2.46 2.74
2.74 2.77 2.60 2.79 2.78 2.46 2.69
2.75 2.49 2.64 2.74 2.52 2.16 2.55
2.69 2.71 2.67 2.73 2.60 2.69 2.68
2.88 2.78 2.78 2.80 2.57 2.81 2.77
2.86 2.71 2.78 2.81 2.75 2.73 2.77
2.68 2.52 2.74 2.75 2.67 2.47 2.64
2.693
0.060
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